Talimogene laherparepvec (T-VEC) is an intralesional oncolytic viral therapy and the first oncolytic viral therapy approved by the US FDA [6] . The US approval was based on data from the Phase III Oncovex (granulocyte macrophage colony-stimulating factor [GM-CSF]) Pivotal Trial in Melanoma (OPTiM) trial in stage IIIB-IVM1c melanoma [7] . T-VEC was also the first oncolytic immunotherapy to be approved in Europe, where approval was for adults with unresectable stage IIIB, IIIC or IVM1a melanoma [8] . The OPTiM study, when analyzed by stage of disease, showed that treatment with T-VEC significantly improved overall survival (OS) in patients with stage IIIB, IIIC and IVM1a melanoma, but not stage IVM1b or M1c, when compared with an alternative immunologic intervention [7] .
T-VEC is an oncolytic herpes simplex virus type 1 (HSV-1). HSV-1 is particularly appealing as an oncolytic viral platform due to its lytic lifecycle, its large genome (152 kb) amenable to genetic payloads and its well-characterized biology [9] . To produce T-VEC, HSV-1 is modified by the deletion of a neurovirulence gene (ICP34.5) and an immunogenicity gene (ICP47) and the addition of the two gene copies encoding human GM-CSF [9] . These modifications stimulate viral pathogenicity, enhance tumor-selective replication, reduce virally mediated suppression of antigen presentation and induce tumor-specific T-cell responses [9] [10] [11] .
The OPTiM trial completed enrollment in 2011 [7] . Since that time, there have been other major practicechanging shifts in the treatment landscape for advanced melanoma. The use of immunotherapy (ipilimumab, nivolumab, pembrolizumab) and targeted therapy (vemurafenib, dabrafenib, trametinib, cobimetinib, binimetinib, encorafenib) is now routine, resulting in improved OS in patients with advanced melanoma [4] . Given these recent dramatic changes, the COSMUS-1 study was proposed to assess the use of T-VEC in treatment of advanced melanoma in routine clinical practice in the US.
Materials & methods
COSMUS-1 was a case series in which data were gathered from medical chart review of patients treated with T-VEC from 2016 to 2017 at seven academic centers and specialty clinics in the US. The objectives were to describe the clinical characteristics of patients at first dose of T-VEC, use of T-VEC (volume, duration), use of other antimelanoma therapies, clinical outcomes and safety ( Figure 1 ).
To be eligible, patients must have started treatment with T-VEC between 27 October 2015 and 15 December 2016. Patients who participated in a clinical trial or an expanded access program for T-VEC were excluded. Medical chart data were transcribed into an electronic case report form for analysis.
Analyses characterized patient demographics (sex and age) and disease history (date of first diagnosis, stage at diagnosis, and types and dates of metastases). Clinical characteristics (Eastern Cooperative Oncology Group performance status [ECOG-PS], serum LDH level, and BRAF mutation status) and tumor characteristics (presence, number, and anatomical regions of cutaneous lesions, subcutaneous lesions and nodes at first dose of T-VEC) were also recorded.
The patterns of use of T-VEC and other melanoma therapies (type, duration) were analyzed as were safety and clinical outcomes (reason for treatment discontinuation, survival and adverse events [AEs] of interest, including herpetic events). In addition, the use of prior, subsequent or concurrent checkpoint inhibitors was examined.
Results

Patient characteristics
The medical records of 78 patients were screened, of whom 76 were eligible and were included in the analysis (two were not included due to participation in a T-VEC clinical trial or expanded access program). The median age of included patients was 73 years (range, 30-93 years); 59.2% (n = 45) were male. Table 1 describes patient demographics in detail and Figure 2 shows the disposition of patients.
The median duration of follow-up was 9.4 months (range, 0.1-17.0 months), and eight patients (10.5%) remained on T-VEC at the end of data collection. Patients received a median of six doses of T-VEC (range, 1-19 doses). American Joint Committee on Cancer 7th edition staging criteria were used [12] . At the time of the first dose, 42 patients (55.3%) had stage IIIB-IVM1a melanoma, 30 patients (39.5%) had stage IVM1b-IVM1c disease and in four patients (5.3%) the stage of disease was unknown. Cutaneous lesions were present in 41 patients (53.9%), subcutaneous lesions were present in 43 patients (56.6%) and 25 patients (32.9%) had injectable nodal disease. Distant metastases were diagnosed prior to the first dose of T-VEC in 29 patients (38.2%).
Overall survival
The median follow-up of the cohort was 9.4 months at the end of the data collection. OS rates at 1 year were 76.7% in patients with stage IIIB-IVM1a melanoma (n = 42) and 64.6% in patients with stage IVM1b-IVM1c disease (n = 30). Twenty patients (26.3%) died. Thirteen of these deaths were due to disease progression (65.0%), two (10.0%) were due to co-morbidities, and for five (25.0%) the cause of death was not reported. Remained on treatment at study end, n = 8
Discontinued treatment without course completion, n = 53
Continued treatment until course completion, n = 15 Other clinical outcomes & treatment patterns Overall, 15 patients (19.7%) continued treatment with T-VEC until completion, which was defined as either no further injectable lesions or a documented pathologic complete response (CR). Distant metastases were diagnosed after the first dose of T-VEC in two patients (2.6%). The median duration of T-VEC therapy was 3.0 months (range, 1.6-9.0 months) in patients treated to course completion (n = 15). Table 2 gives the median T-VEC Table 3 . Therapies used prior to, concurrent with or after T-VEC. Cisplatin + vinblastine + temozolomide 1 (1. exposure and Supplementary Table 1 gives the mean exposure.
Fifty-three patients (69.7% of all 76 patients) discontinued T-VEC treatment before a CR was demonstrated. Among these 53 patients, reasons for discontinuing treatment without achieving a CR were disease progression (n = 29; 54.7%), physician decision (n = 8; 15.1%), loss to follow-up (n = 6; 11.3%), patient request (n = 5; 9.4%) or death (n = 5; 9.4%).
In patients who did not discontinue treatment with T-VEC, median duration of therapy was 8.0 months for patients who continued on T-VEC therapy at the end of data collection (n = 8) and 2.6 months for patients who had discontinued T-VEC prior to the end of data collection (n = 53).
Seventeen patients (22.4%) received T-VEC as the sole melanoma therapy with no other recorded antineoplastic treatment before, concurrent with or after treatment with T-VEC.
Clinical outcomes & treatment patterns with use of checkpoint inhibitors
Of 76 patients treated with T-VEC in the overall study population, 33 (43.4%) had received pembrolizumab, nivolumab and/or ipilimumab (i.e., a checkpoint inhibitor) before or concurrent with T-VEC. A greater number of patients received checkpoint inhibitors prior to T-VEC (n = 21) compared to concurrently with T-VEC (n = 12). As shown in Table 3 , in patients who received checkpoint inhibitors prior to T-VEC, prior treatment with ipilimumab (n = 19) or pembrolizumab (n = 14) was more common than treatment with nivolumab (n = 6) or ipilimumab + nivolumab (n = 3). In patients who received checkpoint inhibitors concurrent with T-VEC, concurrent treatment with pembrolizumab was more common (n = 8) than treatment with nivolumab (n = 3), ipilimumab + nivolumab (n = 2) or ipilimumab (n = 1). Selected clinical outcomes for patients who received T-VEC and checkpoint inhibitors in various treatment sequences are shown in Table 4 . A similar total number of patients discontinued T-VEC due to disease progression (n = 10, 8, respectively) whether they received checkpoint inhibitors prior to or after T-VEC monotherapy (of n = 21, 8 in each treatment group, respectively). Of the 21 patients who received a checkpoint inhibitor prior to T-VEC monotherapy, three patients completed treatment with either no injectable lesions remaining or a pathologic CR. All of the eight patients who received a checkpoint inhibitor after T-VEC monotherapy experienced disease progression. Of the 12 patients who received a checkpoint inhibitor concurrent with T-VEC, two remained on T-VEC at the end of data collection and three experienced disease progression.
Safety
In this study, specific AEs of interest were systematically collected in three categories: immune-mediated events, injection site complications and herpetic events. AEs of interest were reported for 21 of 76 patients (27.6%; Table 5 ). Flu-like symptoms were most common (n = 8, 10.5%), followed by lesion ulceration (n = 4, 5.3%). No herpetic lesions or infections were reported.
Among the 21 patients who received a checkpoint inhibitor before T-VEC, AEs of interest were reported in seven patients. Among the 12 patients who received a checkpoint inhibitor concurrent with T-VEC, AEs of interest were reported in six patients. The most common AEs of interest in both groups were immune-mediated events (n = 3 and 6), which included flu-like symptoms (fever, chills and rigor; n = 2 and 5), and injection site complications (n = 5 and 2), for patients who received a checkpoint inhibitor before or concurrent with T-VEC, respectively. No herpetic lesions or infections were reported in the patients who received a checkpoint inhibitor before or concurrent with T-VEC.
Discussion
T-VEC was well tolerated and showed clinical utility in this real-world cohort of US patients with unresectable regional and distant metastatic melanoma. 19.7% (n = 15) of patients completed treatment with T-VEC with no remaining injectable lesions or pathologic CR. No herpetic lesions or infections were recorded in this group of patients who received T-VEC in a real-world practice situation. A substantial proportion of patients received checkpoint inhibitors before, after or concurrent with T-VEC.
Overall, efficacy and safety findings in this real-world data study complement the results of the randomized, open-label, Phase III OPTiM trial comparing intralesional T-VEC with subcutaneous GM-CSF in patients with unresected stage IIIB-IV melanoma [7] . In OPTiM, the overall response rate (ORR) for the T-VEC and GM-CSF arms was 26.4% versus 5.7%, and the CR rate was 10.8% versus less than 1%. In the COSMUS-1 study, 19.7% (n = 15) of patients completed treatment with T-VEC with no remaining injectable lesions or pathologic CR. In OPTiM, there was a trend toward improved OS with T-VEC (23.3 vs 18.9 months with GM-CSF). Whereas, in the COSMUS-1 study, OS rates at 1 year were 76.7% in patients with stage IIIB-IVM1a and 64.6% in patients with stage IVM1b-IVM1c melanoma. Key AEs of interest in COSMUS-1 were also similar to those in OPTiM [7] , with the most common AEs of interest being flu-like symptoms and lesion ulceration. Compared with the overall median duration of treatment in OPTiM (5.8 months), median duration of therapy was shorter (3.0 months) for COSMUS-1 patients who completed treatment with T-VEC with either no further injectable lesions or a documented pathologic CR. The median duration of therapy was the longest (8.0 months) for COSMUS-1 patients who continued on T-VEC therapy at the end of data collection; these patients were presumably continuing to derive clinical benefit. For COSMUS-1 patients who discontinued T-VEC prior to the end of data collection, the median duration of therapy was shorter (2.6 months). Overall median duration of treatment in OPTiM (5.8 months) was likely influenced by protocol specifications for minimum of 24 weeks (6 months) of treatment [7] .
The present study was limited in its ability to delineate reasons for T-VEC discontinuation, such as the rationales behind physicians' decisions to discontinue, as this level of detail was not collected in the dataset. In addition, direct quantitative comparisons cannot be made between real-world data and data from randomized, controlled clinical trials; the populations differ and some outcomes, such as pseudoprogression or CR, are not recorded by clinicians in medical charts in the same way that they are captured in clinical trials. CR in trials is generally confirmed by pathologic reports, which may not be systematically available in a medical chart review study such as COSMUS-1. Therefore, COSMUS-1 also considered patients with no remaining injectable lesions as having completed treatment.
In addition to the results presented here, other reports of T-VEC in clinical practice have provided a body of evidence about the use of T-VEC as monotherapy and in combination with checkpoint inhibitors [13] [14] [15] [16] [17] . In a single-center US study of medical records from 27 patients with advanced melanoma who received T-VEC in 2015-2018, AEs were mostly mild and the disease control rate was 78.3% [14] . A multicenter, retrospective German study of 27 patients with unresectable earlier stage IIIB-IVM1a melanoma who received T-VEC reported that T-VEC was the initial systemic therapy in 63% of patients, no new safety signals were reported and three patients completed T-VEC treatment with no remaining injectable lesions [15] . A large multicenter US study of 121 patients who received T-VEC in 2015-2018 found that 42.5% of patients received the injections as first-line therapy, side effects were mild and 37% of the complete responders had no evidence of disease at last follow-up [16] . A single-site study of 26 T-VEC-treated patients from the Netherlands recently presented similara similar safety profile as previously reported and a best ORR of 88.5% [22] . Of these studies, three reported ORR and CR, which ranged from approximately 57-89% and 39-62%, respectively [14, 16, 22] . In COSMUS-1, 55.3% of patients had earlier stage IIIB-IVM1a melanoma, whereas two of these recent studies included only earlier stage IIIB-IVM1a patients [14, 22] and one study included a majority (67%) of earlier stage IIIB-IVM1a patients. The lower proportion of patients with earlier stage IIIB-IVM1a melanoma in COSMUS-1 may be a factor in the differences in response rate seen across these studies.
A growing consensus suggests that the next wave of melanoma treatment will include combination approaches [17] [18] [19] [20] . In COSMUS-1, 43.4% of patients received a checkpoint inhibitor (pembrolizumab, nivolumab and/or ipilimumab) prior to or concurrent with T-VEC. Patients were more likely to have received checkpoint inhibitor therapy (most notably ipilimumab or pembrolizumab) prior to T-VEC as opposed to concurrent with T-VEC. It is worth noting that in the COSMUS-1 cohort, one patient demonstrated a pathologic CR, and this patient had received treatment with a checkpoint inhibitor concurrent with T-VEC. Locally administered immunotherapy, including in combination with checkpoint inhibitors, will likely be an important option when individualizing melanoma therapies [21] .
Conclusion
In this real-world cohort, treatment with T-VEC was documented in locoregionally aggressive and distantly metastatic melanoma, both as monotherapy and in combination with treatments such as checkpoint inhibitors. Twenty percent of patients discontinued T-VEC treatment because of no remaining injectable lesions or achievement of pathologic CR. Overall, T-VEC was well tolerated and clinically efficacious with outcomes comparable to those previously reported in the OPTiM trial and in other retrospective reviews.
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